The available data on the microwave spectrum of hydrogen sulfide are critically reviewed for in· formation applicable to radio astronomy. Molecular data such as rotational constants, centrifugal distortion constants, hyperfine coupling parameters, and dipole moments are tabulated. A detailed centrifugal distortion calculation has been carried out for the most abundant isotopic form of this molecule, H~2S, as well as for HD32S. Transitions have been predicted and tabulated for the frequency range 1 MHz to 1000 GHz for Hg2S and 1 MHz to 700 GHz for HDMS. All predicted transitions include 95 percent confidence limits; estimated error limits have been reported for all measured transitions. Observed transitions of HrS and HrS are also listed.
The present tables represent the 4th part of a series of critical reviews [1] [2] [3] 1 which are intended to update and revise the existing tabulated literature on molecules already identified in interstellar observations. All of the transitions of H~2S below 800 GHz which have significant strength in absorption have been observed in the laboratory. Of these only two fall below 100 GHz and none below 30 GHz. In addition to the 39 observed Hg2S transitions [4] , aU transitions whose lower energy state is below 500 em -I , whose transition fre· quency is below 1000 GHz, and whose line strength is at least 0.001 are included in the table of predicted transi· tions. Unlike I-q2S, H])32S has a large number of lines' tThis work was supported by the National Science Foundation, Grant at lower frequencies which are within the range of existing radio telescopes. Several of these transitions would appear to be astrophysically more favorable than a number of the H~2S transitions included in this review. Since the radio astronomy of interstellar molecules is a rapidly developing field, HD32S is also included in this review although the cosmic abundance of deuterium is expected to be low. In addition to the 45 transitions of HD32S that have been observed in the laboratory [5] , all transitions whose lower state energy is below 500 cm-1 , and whose transition frequency is between 1 MHz and 700 GHz, are included in the table of predicted transitions. It is felt that these limits are generous enough to allo:w for the presentation of all transitions that might be observed by existing telescopes or by those likely to be developed in the next several years. Although no analysis of Hg3S or Hg4S has been done, several lines of these species have been identified and measured [6, 7] . These lines are also listed in this review. The rotational constants and centrifugal distortion   constants shown in table 1 for H232S and table 2 for HD32S were obtained from a least-squares analysis of the observed spectral lines with a computer program which includes centrifugal distortion terms in addition to the basic rigid asymmetric rotor energy matrix. Details of the centrifugal distortion calculation and the statistical analysis used in this review have been discussed by Cook, Helminger, and De Lucia [4, 5, 8, 9] . This formulation is similar to ones discussed by Kirchhoff [10] and by SteenbeckeIiers [II] . Relations among these formulations are discussed in reference [9] . All analyses are performed in the semi-rigid rotor basis [9] . As pointed out in an earlier part of this series [1] [2] [3] , it is necessary to retain more significant figures in the spectral constants than indicated by the statistical error limits if the constants are to reprodup.f' thf' oh!'.f'Tvro spectra to within experimental error. This is particularly true for light molecules such as hydrogen sulfide. Tables 3 and 4 contain the results of the statistical analysis ofthe spectrum ofH~2S and HD32S, respectively. For each spectral line the first column of each table contains the upper state and lower state quantum numbers in the form, J (K v , Ko) for a rigid asymmetric rotor. The quantum numbers are followed by the observed line frequency and, in parentheses, the estimated experimental uncertainty in MHz. The third column contains the calculated frequency and estimated uncertainty in MHz. The calculated uncertainties represent 95 percent confidence levels, which are approximately twice (this varies slightly with the amount of data included in the calculation) the standard deviation obtained from the least squares analysis.
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It iShuuhl L\O ]Jointed out that the rotation-distortion analysis of asymmetric molecules with large rotational constants is somewhat less straightforward than the analysis of heavier molecules. It is clear thflt flR. m(}Tp.
transitions at higher J are added to the analysis, more terms must also be added to the Hamiltonian. A corollary of this is that the statistical uncertainty of a transition beyond the range of the observed data set may be unrealistically small because the uncertainties in these additional terms in the Hamiltonian would contribute additional unaccounted error to the calculated uncertainty. This problem is more severe in H~2S than in HDS. The problem is unlikely to be important in radio astronomy, because virtually all of the lines of H~2 S which are likely to be observed astrophysically have been observed in the laboratory. This is also true for HD32S except for a series of lines at relatively low frequency which are believed to be well predicted. This problem is considered in more detail in references [5,B,9] . J. Phys. Chem. Ref. Data, Vol. 2, No.2, 1973 The line strengths for the un split rotational transitions are shown in brackets in,column 4. These line strengths, denoted by xS UK p • Ki,; lK p • K'b), are defined in this review as:
where the superscript x refers to one of the principal axes of the molecule (x=a, b or c); IILJ' <-J" I is the dipole moment matrix element connecting the upper, Jxp• K'n, and lower, J~'b. K'h' rotational levels involved in the transition; and /Lx is the magnitude of the component of IL along the x axis. Thus, the line strength as defined is independent of the absolute magnitude of the dipole moment. Since in the case of H3~S the two hydrogens are identical particles, the statistical weight of each rotational state must be considered in any calculation of spectral line strengths. States for which the Kp , Ko subscripts are both even (ee) or both odd (00) have statistical weight one, while the remaining states have statistical weight three. Tlmt>\O fat:tult> an:: not included in the tabulated strengths.
The total rotational energy of each rotational level was calculated using all distortion constants which were used in the analysis. These energies are given in column 5 in cm-I . References to the laboratory measurements are shown in the last column of the table. Table 5 lists observed transitions of H~3S and H~4S. Although it is not possible to analyze these isotopic species in the above manner because of the limited number of laboratory measurements, these transitions would appear to be prime candidates for astrophysical observation.
Both H~2S [12, 13] and HD32S (141 have small splittings due to the nuclear moments of hydrogen and deuterium. Since the splittings are rather small and their calculation somewhat complex, these spIinings have nOl been included in tables 3 and 4. They can, however, be calculated [15] from the data in table 6. If these calculations are required for the positive identification of an astrophysical observation, the authors of this review possess the necessary programs.
As a convenience to the user, the calculated. unsplit transition frequencies from tables 3 and 4 have been listed according to increasing frequency in tables 7 and 8. 
Ko
Projection of J on the symmetry axis in the limiting oblate symmetric top.
b. Conversion Factors
The following conversion factors have been used: 
0.974 ± 0.005 [72B] , the estimated experimental uncertainties are the run's deviations of 5 or more measurements of each line frequency and include no correction for possible systematic effects. These may be particularly useful in identifying lines which were difficult to measure because of low signal-to-noise ratio. For all other references, the values are those quoted by the author. C In keeping with the common convention in molecular spectros, copy, enef!~ies are expressed in their wavenumber (cm-I) equivalents. The actual energy may be obtained by multiplying the wavenumber values by the product of Planck's constant and the speed of light expressed in centimeters per second. [7.650] 313.492 313.4\)S 6(6, 0)-6(6, 1)
1.827(0.000) [11.117] 374.831 374.831 6(0, 6)-5 (2, 3) 45 306 (5, 3) 100 757 .330 ( 14.171) to.082} 374.B31 311.410 6(6, 1)-7 (5, 2) 99 528.097 (14.192 The estimated experimental uncertainties are the rms deviations of 5 or more measurements of each line frequency and include no correction for possible systematic effects~ These may be particularly useful in identifying lines which were difficult to measure because of low signal-to-noise ratio.
C In keeping with the common convention in molecular spectroscopy, energies are expressed III theIr wavenumber (cm-') eqUIvalents. The actual energy may be obtained by multiplying the wavenumber values by the product of Planck's constant and the speed of light expressed in centimeters per second. o See text. 
